PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




Serial No. 10/685,925 
Group No. 1743 
Confirmation No. 7050 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Internationa] Patent Classification 5 : 

C12Q 1/04, 1/48, 1/66 



Al 



(11) International Publication Number: WO 94/17202 

(43) International Publication Date: 4 August 1994 (04.08.94) 



(21) International Appfication Number: PCT/GB94/001 18 

(22) International Filing Date: 21 January 1994 (21.01.94) 



(30) Priority Data: 
9301118.7 



21 January 1993 (21.01.93) GB 



(71) Applicant (for all designated States except US)z THE SECRE- 

TARY OF STATE FOR DEFENCE IN HER BRITANNIC 
MAJESTY* S GOVERNMENT OF THE UNITED KING- 
DOM OF GREAT BRITAIN AND NORTHERN IRELAND 
[GB/GB]; Whitehall, London SW1A 2HB (GB). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): SQUIRRELL, David, James 
[GB/GB]; Dad, CBDE, Porton Down, Salisbury, Wiltshire 
SP4 0JQ (GB). 

(74) Agent: LOCKWOOD, Peter, Brian; MOD(PE), DIPR, IPRlb, 
Room 2002 Empress State Building, Lillie Road, London 
SW6 1TR (GB). 



(81) Designated States: AT, AU, Bb\ BG, BR, BY, CA, CH, CN, 
CZ, DE, DK, ES, FI, GB, HU, JP, KP, KR, KZ, LK, LU, 
MG, MN, MW, NL, NO, NZ, PL, PT, RO, RU, SD, SE, 
SK, UA, US, VN, European patent (AT, BE, CH, DE, DK, 
ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI 
patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR, NE, 
SN, TD, TG). 



Published 

With international search report. 



(54) Title: MICROBIOLOGICAL TEST METHOD AND REAGENTS 
(57) Abstract 



A method for detennining the presence and/or amount of microorganisms and/or their intracellular material present in a sample 
cccnrpising estimating the amount of adenylate kinase therein by its ability to convert adenosine diphosphate (ADP) to adenosine triphosphate 
(ATP) and relating that to the presence/or amount of organism and/or intracellular material. The method provides improved sensitivity over 
existing Iuciferase/luciferin assays. Reagents including purified ADP and adenyl kinase free luciferase are provided together with test kits 
including these and apparatus for automated operation of the method. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AU 


Australia 


GE 


Georgia 


MW 


Malawi 


BB 


Barbados 


GN 


Guinea 


NE 


Niger 


BE 


Belgium 


GR 




NL 


Netherlands 


BF 


Burkina Paso 


HU 


Hungary 


NO 


Norway 


BG 


Bulgaria 


IE 


Ireland 


NZ 


New Zealand 


BJ 


Benin 


IT 


Italy 


PL 


Poland 


BR 


Brazil 


JP 


Japan 


PT 


Portugal 


BY 


Belarus 


KE 




RO 


Romania 


CA 


Canada 


KG 


Kyrgystan 


RU 


Russian Federation 


CF 


Central African Republic 


KP 


Democratic People's Republic 


SD 


Sudan 


CG 


Congo 




of Korea 


SE 


Sweden 


CH 


Switzerland 


KR 


Republic of Korea 


SI 


Slovenia 


a 


COte d* I voire 


KZ 


Kazakhstan 


SK 


Slovakia 


CM 


Cameroon 


U 




SN 


Senegal 


CN 


China 


EJK 


Sri Lanka 


TD 


Chad 


CS 


Czechoslovakia 


LU 


Luxembourg 


TG 


Togo 


CZ 


Czech Republic 


LV 


Latvia 


TJ 


Tajikistan 


DE 


Germany 


MC 


Monaco 


IT 


Trinidad and Tobago 


DK 


Denmark 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United States of America 


FI 


Finland 


ML 


Man 


uz 


Uzbekistan 


FR 


France 


MN 


Mango fia 


VN 


Viet Nam 


GA 


Gabon 











WO 94/17202 



PCT/GB94/00118 



1 

MICRQBtQLQglCAL TEST METHOD AND REGENTS 

The present invention relates to a method for detecting microorganisms, 
to apparatus for carrying out the method and to test kits comprising 
essential reagents for carrying out the method. 

All living organisms utilise adenosine triphosphate (ATP) as a source 
of chemical energy and it is known to assay this using the ATP driven 
luciferase/luciferin reaction. Light generated by this enzymic 
reaction can be measured using a luminometer and related to the amount 
of ATP present. The usefulness of ATP as an index of microbial 
numbers has been known since the mid 1960 f s (see ATP Luminescence 
Rapid Methods in Microbiology (1989) editor Stanley et al.; Blackwell 
Scientific Publications, London, see pages 1-10); its main advantage 
being speed and sensitivity. Utilising this assay format simple 
samples can be analysed in a matter of minutes while complex ones 
routinely take only half an hour with a detection capability provided 
down to 10" 12 mol/1 ATP. There is however a need for methods which 
provide still further sensitivity when detecting microorganisms or 
their contents while retaining speed and ease of performance. 

The present inventor has now determined that the speed and sensitivity 
of ATP based method can be enhanced significantly by shifting the 
target of the assay from ATP to the enzyme which generates it, 
adenylate kinase. Adenylate kinase is an enzyme used by all organisms 
for the conversion of adenosine diphosphate (ADP) and phosphate to 
adenosine triphosphate (ATP). The targeting of this enzyme in 
preference to ATP, by using the preferred method, apparatus and kits 
of the invention, allows the detection of down to at least 10" 20 moles 
of intracellular marker adenylate kinase. 

It is known to assay adenylate kinase using the luciferase/luciferin 
system (see Brolin et al Journal of Biochemical and Biophysical 
Methods 1 (1979) 163-169) for the purpose of determining its activity 
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in certain mammalian and plant tissues (Rodionova et al Fiziologiya 
Rastenii (1978) 25, 4, P731-73 1 * for plants). The use of such assay 
system for the detection of microorganisms however has not been 
suggested and the advantages of doing such, ie. enhanced sensitivity 
so provided, have not been relevant to those studying the enzyme itself. 

Although adenylate kinase is present in smaller quantities than ADP or 
ATP, its use as a biological marker for microorganisms provides 
enhanced sensitivity with a typical amplification available of 400,000 
by measuring its presence through the ATP it produces; that is for 
every mole of enzyme present *J00,0OO moles of ADP are converted to ATP 
in 10 minute incubation. Thus estimation of the enzyme by measuring 
the substrate or product of the reaction it catalyses provides for 
detection down to as low as 10" 20 moles. 

A first aspect of the present invention provides a method for 

determining the presence and/or amount of microorganisms and/or their 

- — - 

intracellular material present in a sample comprising estimating the 
amount of adenylate kinase therein by its ability to convert adenosine 
diphosphate (ADP) to adenosine triphosphate and relating that to the 
presence/or amount of organism and/or their intracellular material. 
This coversion is enbled by adding ADP and phosphate to samples. 

Adenosine triphosphate (ATP) is preferably detected by use of the 
luciferin/luciferase system to provide a photometrically detectable 
signal indicative of the amount of ATP in the sample. Luciferin 
/lucif erase preparations and methods for their use in assaying ATP 
will be well known to those skilled in the art and are commercially 
available (eg. see Brolin et al). A typical formulation contains eg. 
0.1 to lOmg/litre luciferase. 15 to lOOOumol/ litre D- luciferin, and 
agents such as MgCl 2 , EDTA, BSA, and pH7 buffer (see eg. EP 05^676). 

As with any amplified assay, the sensitivity of the adenylate kinase 
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assay of the present invention is limited by the purity of the 
reagents. In this case the significant contaminants are ATP in the 
ADP substrate and adenylate kinase in the lucif erase preparation. For 
use as a sensitive assay for microorganisms, particularly where these 
may be potentially harmful and need detecting in low numbers, it is 
necessary that the purity of each of the reagents be as high as possible 
with respect to the substance with which it is to react in the assay. 
The phosphate reagent required, eg. buffer, has no ATP content. 

To address the first problem high purity commercial ADP ( >99-5% 
purity) is preferably used after further purification by column 
chromatography. This is desirable because even small amounts of 
contaminating ATP may be sufficient to cause a high background 
reading. For example, using a diethylaminoethylcellulose column and 
0.02mM hydrochloric acid eluent, ATP is eluted more slowly from the 
column than ADP to a degree enabling substantial separation. Other 
chromatographic media and eluent combinations may also be used to 
similar effect. The initial fractions with high ADP to ATP ratios are 
retained for use. Purity is assessed by lucif erin/lucif erase reagent 
bioluminescence after adenylate kinase action to measure ADP levels 
and without adenylate kinase to measure ATP contaminant levels. A 
further method for removing ATP from the ADP substrate uses enzymes 
that specifically degrade ATP, such as lucif erase or apyrase. Such 
enzymes may also be used to further purify chromatographically 
purified ADP, or alternatively enzymically purified ADP may be treated 
by column chromatography. It will be noted that apyrase is also an 
ADPase, but as it is more active on ATP and the ADP is present at much 
higher levels this does not present a significant problem. 

With regard to the second problem adenylate kinase, as an essential 
"housekeeping" enzyme, is present in all organisms and is generally 
present in lucif erase preparations. It may only be a minor contaminant, 
but since the aim is to measure very low adenylate kinase levels in 
samples, its presence in the lucif erase may be a limiting factor. 
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The molecular weights of luciferase and adenylate kinase are 
significantly different, being 6lkD and 21kD respectively. Furthermore 
luciferase is a membrane bound protein and therefore relatively 
hydrophobic, whereas adenylate kinase occurs as a soluble enzyme. It 
is thus possible to remove adenylate kinase from luciferase 
preparations by, eg. size exclusion chromatography, reverse phase 
chromatography, or both. Alternatively or in addition to this, the 
problem of adenylate kinase contamination of luciferase can be avoided 
by adding the bioluminescent reagents (luciferase and luciferin) just 
before or as measurements are taken so that any contaminating 
adenylate kinase does not have the time to produce a significant effect. 

In order to render all the adenyl kinase associated with a target 
microorganism available to the ADP and luciferase/luciferin assay 
reagents of the present invention it will be necessary to disrupt them 
such that intracellular material is released or otherwise exposed to 
the reagents. Such disruption might be carried out using mechanical 
means such as an ultrasonic generator, by use of osmotic shock 
optionally in association with cold shock or such agents as lysozyme 
or, more conveniently, by use of detergents. Such detergents are 
commercially available and commonly referred to as r extractants 1 . 
Typical extractants include generic cationic detergents such as CTAB 
(cetyl trimethyl ammonium bromide), and proprietory agents such as 
Enzymatics ATP releasing agent. Bio trace XM extractant (available from 
Biotrace, Bridgend UK), and Lumac NRM (nucleotide releasing agent 
available from Lumac BV. Holland). When using CTAB a convenient 
preparation will include 0.01 to 1% CTAB in water, eg 0.2%, but other 
concentrations may occur to those skilled in the art. 

Thus before adding ADP and luciferase/luciferin reagent(s) to an assay 
sample suspected of containing microorganisms it is preferred to 
disrupt these to render their intracellular contents accessible to 
luminometry reagents by use of disrupting agent. If it is desired to 
distinguish between target cells and cells such as those of fungal 
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spores it is possible to run two separate assays treating one with 
nonionic detergent capable of disrupting only these spores and multi 
-cellular 'somatic 1 animal cells (eg. Triton TX-100) and the other with 
cationic detergent 'extractants' detailed above for disrupting all 
cells. It is possible to carry out these assays on the same sample if 
an ATPase such as apyrase is added between detergent/lucif erase 
/measurement cycles; one cycle using nonionic and the other cationic 
detergent in a first cycle step. 

The apparatus of the present invention is characterised in that it 
comprises means for receiving a sample to be analysed for the presence 
of microorganisms in the an aqueous suspension thereof, means for 
addition of ADP, luciferase and luciferin to the suspension and means 
for detecting light produced. Preferably the apparatus includes a 
means for adding detergent to the suspension before the means for 
adding the luciferase and luciferin. Preferably the ADP is added 
before the luciferase and luciferin, eg with the detergent, to allow 
time for the generation of ATP, but all agents may be added together 
if using glow kinetics. Preferably the luciferase/luciferin reagent(s) 
is/are added separately from the ADP. 

Preferably the apparatus includes a detection means for determining 
the amount of light emitted from the suspension on addition of the 
.luciferase and luciferin and optionally includes a computer processor 
and visual display unit for receiving a signal for the detection means 
indicative of the amount of light emitted and for calculating from 
that the likely presence and amount of microorganisms and displaying 
results. Such calculation might be facilitated by programing the 
processor to take account of a set order of incoming signals, some of 
which will be controls including blank and nonionic detergent runs, or 
take account of pre-input standards eg. temperature. 

A preferred apparatus will include a conveyor means which receives a 
volume of liquid medium holding the sample from one or more reagent 
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stations to the light detection means. Thus for example a conveyor 
receives a series of sample vessels, preferably luminometry vessels, 
which are preloaded with an phosphate including aqueous liquid 
suspension of material to be tested for the presence of microorganisms 
or which are passed through a station of the apparatus where such 
suspension is placed therein. The vessels for example may be open 
topped and passed thereafter on the conveyor under a detergent adding 
station, under ADP and luciferase/luciferin adding station and then 
through a light detector station. The light detector may be of 
standard luminometer format eg. Biotrace Multi-lite or Bio trace M3« 

Light may be measured by residence of the sample volume, eg. 
luminometer tube, within the light detector immediately after or 
simultaneously with addition of the luciferase and luciferin. Thus in 
a preferred apparatus the luminometry reagents are added just prior 
entry into or within the light detector station. A preferred 
apparatus measures the light emitted immediately after reagent 
addition, then again after a set period of time. Alternatively the 
light emmited is detected over a suitably long period such that it can 
be assessed cumulatively eg. where glow kinetics are used. 

The test kit of the present invention comprises the essential reagents 
required for the method of the invention, ie. adenosine diphosphate 
together with luciferase and luciferin. Preferably the kit includes 
all these reagents with the luciferase and luciferin being provided as 
a single reagent solution, with a further detergent in the kit reagent 
suitable for disrupting the target cells for which the assay is 
intended. Usually for assaying microorganisms only cationic detergent 
is needed, whereas if fungal spores and somatic cells are likely to be 
significant then a further nonionic detergent reagent might be 
included to asess their numbers. The kit is in the form of a single 
package preferably including instructions as to how to perform the 
method of the invention; the reagents being provided in containers 
and being of strength suitable for direct use or after dilution. 
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Phosphate buffer, used to supply phosphate for ATP production may be 
included . 

A preferred test kit of the invention comprises ADP reagent which is 
of purity higher than 99-952. and a lucif erase reagent that is 
substantially free of adenylate kinase activity. Alternatively the 
lucif erase/luciferin ratio used, reflected in the kit instructions for 
use and/or in their relative concentrations, is such that the 
luciferase is capable of acting upon the luciferin substrate 
sufficiently quickly such that the luciferase associated adenylate 
kinase produces ATP after the initial emission is finish; thus 
microorganism derived adenylate kinase will be indicated by a flash 
kinetic reaction and contaminant DNA by a glow. 

The preferred purified reagents may be provided by the methods 
described above. It is noted that adenylate kinase activity in 
luciferase may be deleted by leaving the luciferase to stand for a 
period of months or years. 

The methods, apparatus, reagents and kits of the present invention 
will now be illustrated by way of example only with reference to the 
following non-limiting Examples and Figures. Further embodiments of 
the invention will occur to those skilled in the art in the light of 
these . 

FIGURES 

Figure 1: shows a graph of increase in luminometer counts per minute 
for various amounts of E. eoli assayed according to Examples 4 and 5. 

Figure 2: shows a diagrammatic representation of the apparatus of 
Example 6. 



WO 94/17202 



PCT/GB94/00118 



8 

Example 1; Preparation of purified adenosine riinhnsnhflte reagent. 

Liquid chromatography was used to further purify commercial high 
purity (>99-95%) ADP (Sigma). Small columns were made from 10ml 
disposable plastic syringe bodies and circles of glass fibre filter 
paper (Whatman GF/A) were placed inside the columns covering their 
outlets. The chromatographic medium, diethylaminoe thy 1 cellulose 
(Whatman DE-52) , was carefully poured into each column and allowed to 
settle, giving a bed volume of about 4mls. Another glass filter paper 
circle was placed on top of the column packing. 

After washing the column with about 15mls of eluent (0.02M HCl) t lOOmM 
high purity ADP in about 0.5mls of 0.02M HC1 was applied and elution 
carried out with 0.02M HC1 flowing at 1ml per minute. Fractions of 3 
to 4mls were collected in disposable plastic cuvettes which allowed 
the optical density - and thereby the ADP - to be monitored 
conveniently (at 265nm) . The initial fractions, with high ADP: ATP 
ratios, were retained for use. 

To determine the success of this purification, commercially available 
luciferin/lucif erase preparations (Enzymatrix, Cambridge, UK and HM by 
Biotrace, Bridgend, UK) were used according to the manufacturers 
instructions to detect the amount of ATP present. Similar tests were 
carried out in the presence of adenylate kinase to determine ADP levels. 

50ul of a 1/3.000 dilution of lOOmM commercial (Sigma) high purity ADP 
gave a luminometer count of 8,919. this being a measure of ATP 
impurity levels. After incubation with 100 femtomoles of adenylate 
kinase the same sample gave a count of 1,370,839, this being a measure 
of the quantity of ADP. A column purified fraction derived from this 
ADP solution gave an ATP count of 223 and an adenylate kinase count of 
1,442,05^ under the same conditions. The signal to background ratio 
in this case was improved from 153 to 6466. 
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Example 2: Alternative preparation of adenosine diphosphate reagent 
High purity ADP was further purified by the action of apyrase on 
contaminating ATP. O.lmM solutions were made with ADP derived from 
two different sources. One (A) was sold as 98% pure and the other (B) 
as 99% pure. Commercially available luciferin/lucif erase preparations 
were used to determine ATP f the luminometer counts from samples A and 
B being 5^,768 and 305*500 respectively. 8uls of a 100 unit per ml 
solution of apyrase (potato apyrase: Sigma) were then added to lOmls 
of O.lmM solutions of A and B. After incubation at room temperature 
for about 22 hours followed by boiling to destroy the apyrase, 
luminometer counts of 5.100 for A and 6.600 for B were obtained 
showing a marked decrease in the amount of contaminating ATP. 

Example 1: Assessment of assay of free adenylate kinase. 

Stock solutions of the adenylate kinase for assay were made in pH 1.2 
phosphate buffered saline containing 1% BSA and 0.25% Triton X-100. 
and the assay was performed in disposable 3ml plastic tubes suitable 
for luminometry. 200pl of pH 7*8 Tris buffer was pipetted into the 
assay tube and to this was added 100ul of approximately ImM ADP 
(purified as detailed above). lOyl of adenylate kinase, diluted in pH 
7.8 Tris buffer ♦ was then added to start the reaction. The tube was 
whirli-mixed and left to incubate at room temperature. After incubation 
for 10 minutes, 100 to 150pl of luciferin/lucif erase reagent was added 
and the light output from the ATP formed by activity of the adenylate 
kinase was measured immediately in a luminometer (see Table 1). 

It should be noted that the sensitivity of the assay can be increased 
by using higher concentrations of ADP in the reaction medium as the 
K m for adenylate kinase is in the millimolar range. Commercially 
available ADP containing significant amounts of ATP. renders use of 
such millimolar quantities of ADP undesirable but use of the purified 
ADP of the invention allows such increase with attendant advantages. 
Increasing time of incubation likewise will increase sensitivity. 
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Unknown adenylate kinase levels were estimated by reference to a 
calibration curve relating known concentrations of adenylate kinase to 
ATP produced in the 10 minute incubation. Because of the sensitivity 
of the assay it is desirable to take precautions against accidental 
contamination by ATP or adenylate kinase. Assays should be carried 
out in a laminar flow hood using ATP free solutions disposable rubber 
gloves and low ATP-plastics consumables where possible. 



TABLE 1: relationship between the amount of ATP detected and the 
amount of adenylate kinase (AK) present: amplification is ATP 
formed/mole AK in 10 minute incubation. 



Moles of AK 


pMoles of ATP formed 


Amplification 


1 femtomole 


322 


320000 


500 attomoles 


235 


470000 j 


250 attomoles 


97-5 


390000 


125 attomoles 


55.2 


110000 


62 attomoles 


26.5 


120000 


31 attomoles 


12.7 


100000 


16 attomoles 


5.7 


360000 


8 attomoles 


3.9 


500000 


1 attomoles 


2.1 


510000 


2 attomoles 


0.8 


110000 


1 attomole 


0.6 


610000 


0.5 attomole 


0.3 


610000 



It will be realised that when adenylate kinase is being used to 
determine the likely presence of particular organisms accurate 
quantification may be enhanced if the amount of adenylate kinase they 
are expected to contain is be estimated. Hence calibration curves 
using made up using the specific target organisms might be best used. 
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Example tL ftssny of E. — coli. 

A one week old E. coli broth culture containing approximately 2.2 x 
10 7 microorganisms per 200yl of phosphate buffered saline pH7-4 was 
used as stock and diluted in successive dilutions of 10 with that 
buffer to give a range of samples of from 10 7 to 0,1 organisms per 
200pl sample. The buffer provides phosphate reactant for ATP synthesis. 

Each 200pl sample was added to a 3*nl luminometer tube, lOpl ImM ADP 
and lOOpl of 0.1% aqueous cetyl trimethyl ammonium bromide added and 
the resultant mixture incubated at room temperature for 1 minute. On 
completion of the incubation lOOpl aged Biotrace HM (2 years old 
having no detectable adenylate kinase activity) was added and the 
light emitted determined over a first 10 second interval and then over 
10 second intervals up to one minute to determine the increase in 
light in cumulative fashion using a Biotrace M3 luminometer. The 
initial signal value was subtracted from the final reading to gain a 
measure of the signal in counts per minute. 

Counts above control obtained over the minute incubation varied with 
number of E. coli as follows: 10 6 - 39297cpm; 10* - 3199cpm; 10* 
- l89cpm; 10 3 - 67cpm; 10 2 - 26cpnw Further results are shown in Fig 1. 

The effect of extractant upon the luciferase/luciferin system is 
known to be important (see eg. Simpson et al (1991) J- Biolumin 
Chemilumin 6(2) pp97~106); with cationic detergents being known to 
potentiate the reaction but to cause gradual inactivation of 
lucif erase, anionic detergent inhibiting the reaction and nonionic 
and zwitterionic detergents being known to potentiate over a wide 
range. In order to assess the effects of detergent upon the adenylate 
kinase assay of E. coli cells the protocol used above was altered in 
so far as different •extractants' were used to assay 10 7 E. coli in 
200pl of phosphate buffered saline. 



The highest counts were obtained using Lumac NRM (226924 cpm) and 
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CETAB (22692k cpm) while two other extractants gave 79,280 and 29.280 

cpm respectively. This is not surprising in the light of the Simpson , 

et al. findings regarding the deleterious effects of cationic and 

anionic detergents on lucif erase; it being considered likely that % 

these reagents, designed for use with lucif erase/luciferin alone 

for ATP assay, have inhibitory effect on adenylate kinase. 

Example 5: location of adenylate kinase deterg ed in E.coli assay. 
In order to determine the location of the adenylate kinase detected 
in the assay of Example 4 the number of counts per minute obtained 
using fresh unwashed E. coli cells, fresh washed cells, cells stored 
for 3 days at 37°C and unwashed and the medium from fresh cells as 
the sample. The results from these assays showed that most of the 
adenylate kinase is intracellular, less than 10% being released into 
the medium, and that the adenylate kinase levels do not vary 
significantly with the age of the cells, (see Figure 1) 

SxaffiPle 6; Apparatus of the invention. 

An apparatus of the invention consists of a carousel conveyor (1) 
mounting racks suitable for holding open topped luminometer tubes (2) 
with a number of reagent addition stations being placed at various 
points along its direction of travel. Luminometer tubes (2) 
containing samples to be assayed are loaded onto the carousel at the 

start of the run and pass to a first station where computer controlled * 

peristaltic pumps (3) operate a supply of cationic detergent (4) and 

ADP reagent (5) to deliver the required lOOpl and 10pl respectively. 

The carousel run next carries the tube to a luminometer enclosure (6) 

where simultaneously 100*il luciferase/luciferin reagent (eg. Biotrace 

HM) is added using a computer controlled peristaltic pump (7) to 

control delivery from supply (8). The tube takes at least 1 minute to 

travel from the detergent/ADP station to the luminometer/ lucif erase 

/lucif erin station to allow microorganism disruption and ATP synthesis. 

After addition of the luciferase/luciferin reagent the tube remains in 
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the luminometer enclosure for 70 seconds while 7 readings of counts/10 
second period are taken, with the cumulative value after 10 seconds 
being subtracted from that after 70 seconds to give the counts per 
minute. This calculation is carried out in an associated computer (9) 
fed with a cpm signal by the luminometer and results for each tube 
applied to the carousel displayed on a visual display unit (10). In 
this fashion the computer is capable of controlling the time of 
delivery of reagents to a known tube to vary the incubation period if 
required. 

Example 7; Test kit of the invention. 

A test kit of the invention consists of a container holding purified 
ADP solution (>99«95% pure) prepared as described in Example 1 or 2 at 
lOmM (increased concentration to that of the method described in 
Example 4 to increase sensitivity) ; a container holding aged 
luciferase /luciferin solution (Biotrace HM) and a container holding 
cetyl trimethyl ammonium bromide (0.1% in water); all packaged together 
with instructions as to use in the method of the invention. For 
use in mobile laboratories the package may be in the form of a 
plastics box having resilient mountings for each container, ie foam 
filling with recesses in the shape of the container exterior. 

Optionally included in the package is a container of nonionic detergent 
solution (Triton X-100 0.2% or equivalent) and/or a container holding 
an ATPase such as apyrase for the destruction of ATP released by the 
action of the nonionic detergent on a sample rendering it suitable for 
reassay by addition of the cationic detergent. 

Phosphate buffer may be included in the kit as a separate buffer or 
may be included in the detergent or ADP reagent containers 
particularly if these are in final concentration. Alternatively the 
buffer may be included with the detergent and/or ADP in a 
concentrated form for dilution. In this way supply of phosphate for 
the ATP formation is ensured. 
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CLAIMS 

1. A method for determining the presence and/or amount of 
microorganisms and/or their intracellular material present in a sample 
comprising estimating the amount of adenylate kinase therein by its 
ability to convert adenosine diphosphate (ADP) to adenosine 
triphosphate (ATP) and relating that to the presence/or amount of 
organism and/or intracellular material. 

2. A method as claimed in claim 1 wherein the sample is an aqueous 
suspension or solution and the estimation of adenylate kinase therein 
is carried out by adding ADP under conditions whereby any adenylate 
kinase present will convert that to ATP, adding lucif erase and 
luciferin agents, determining the amount of light emitted from the 
sample and relating that to the presence and amount of adenylate 
kinase . 

3. A method as claimed in claim 2 wherein the ADP has an ADP to ATP 
ratio of 2000 to 1 or more. 

4. A method as claimed in claim 2 wherein the ADP is that obtainable 
by separation of commercial high purity ADP of over 98% purity into 
ADP and ATP fractions by passing it through a column of diethyl 
-aminoethylcellulose by elution with 0.02M hydrochloric acid at a rate 
of 1ml per minute. 

5. A method as claimed in claim 2 wherein the ADP has purity with 
respect to ATP such that 50pl of a 1/3.000 dilution lOOmM solution of 
the ADP gives off less than 1,000 counts per minute when assayed with 
100nl Biotrace Enzyme HM lucif erase and luciferin reagent. 

6. A method as claimed in claim 5 wherein the ADP gives off less than 
300 counts per minute when assayed with lOOpl Biotrace Enzyme HM 
lucif erase and luciferin agent. 
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7- A method as claimed in claim 2 wherein the ADP has purity with 
respect to ATP whereby the molar ratio of ADP to ATP is in excess of 
6000, 

8. A method as claimed in claim 2 wherein the ADP is obtainable by 
treating ADP of 98% or more purity with an ADPase for sufficient time 
to reduce its ATP to 0.1 mole % or less. 

9. A method as claimed in claim 2 wherein the lucif erase agent has 
been treated to eliminate its adenylate kinase activity. 

10. A method as claimed in claim 9 wherein the adenylate kinase in the 
lucif erase has been removed by size exclusion chromatography , reverse 
phase chromatography* or both. 

11. A method as claimed in claim 2 wherein the lucif erase and/or 
lucif erin are added just before or as measurements are taken sush that 
any contaminating adenylate kinase does not have the time to produce a 
significant effect. 

12. A method as claimed in any one of the preceding claims 2 wherein 
the sample is pretreated to disrupt any microorganisms present such 
that intracellular material is released or otherwise exposed to the 
assay reagents. 

13. A method as claimed in claim 12 wherein the disruption treatment 
is carried out using detergents. 

14. A method as claimed in claim 13 wherein the detergent comprises 
a cationic detergent. 

15. A method as claimed in claim 13 wherein the assay is also carried 
out on a sample pretreated with nonionic detergent and the amount of 
ATP produced is subtracted from that produced using the cationic 
detergent assay. 
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16. An apparatus comprising for receiving a sample to be analysed for 
the presence of microorganisms or their intracellular contents in an 
aqueous suspension or solution, means for addition of ADP t lucif erase 
and luciferin to the suspension and means For detecting light 
produced wherein a conveyor is provided for moving the sample and 
means relative to each other for the purpose of sequential operation. 

17* An apparatus as claimed in claim 16 further including a means for 
adding detergent to the suspension before the means for adding the 
lucif erase and luciferin. 

18. An apparatus as claimed in claim 17 wherein the ADP reagent is 
added with the detergent. 

19 An apparatus as claimed in any one of claims 16 to 18 
further including a light detecting station where lucif erase and 
luciferin are added to the sample prior to monitoring light emitted 
therefrom with the means for detecting light. 

20. An apparatus as claimed in claims 16 comprising a conveyor means 
which receives a volume of liquid medium holding the sample and 
carries it through one or more reagent stations to the light detection 
means . 

21. An apparatus as claimed in claim 20 comprising a conveyor adapted 
to receive a series of luminometry vessels which are preloaded with 

an aqueous liquid suspension of material to be tested for the presence 
of microorganisms or which are passed through a station of the 
apparatus where such suspension is placed therein. 

22. A test kit for the detection and/or quantification of 
microorganisms by a method as claimed in any one of claims 1 to 15 
comprising adenosine diphosphate, lucif erase and luciferin. 
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23. A test kit as claimed in claim 22 further comprising a 
detergent reagent suitable for disrupting the target microorganism 
cells for which detection and/or quantification is intended. 

24. A test kit as claimed in claim 22 or 23 comprising cationic and 
nonionic detergent reagents. 

25. An ADP reagent comprising ADP of purity with respect to 

ATP such that the mole ratio of ADP to ATP is 2000 to 1 or more. 

26. An ADP reagent comprising ADP as claimed in claim 25 wherein the 
mole ratio of ADP to ATP is 99-99 to 0.1 or more. 

27. A test kit as claimed in any one of claims 22 to 2k wherein the 
ADP reagent is as claimed in claim 25 or 26. 

28. A test kit as claimed in any one of claims 22 to 24 or 27 wherein 
the lucif erase is substantially free of adenylate kinase activity. 

29. A test kit as claimed in any one of claims 22 to 24 or 27 wherein 
the lucif erase/luciferin ratio used, or the instructions therein refer 
to dilution of one or other such reagents, are such that the 

lucif erase is capable of acting upon the lucif erin substrate 
sufficiently quickly such that the lucif erase associated adenylate 
kinase produces ATP after the initial emission is finish* 
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